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Trophoblast invasion is a critical process in development of most mammals that shares similarities with the invasive 
behavior of tumor ceils. In the present investigation, a cDNA subtraction library was constructed between invasive 
trophoblast at day 8 of routine development and mature noninvasive placenta at day 18 of gestation. One of the differentially 
expressed clones, Epcs26, was mapped to the X chromosome and revealed no homology to any known gene. It was 
predominantly expressed in parietal endoderm, undifferentiated cells of the ectoplacental cone, and a few trophoblast giant 
cells. Another gene, designated Epcs50, was mapped to chromosome 19. It exhibited homologies to the mouse Mpsl gene 
and, like Mpsl, may have a distant relationship to the lytic protein perforin. High expression was detected in parietal 
endoderm cells and in a subset of secondary trophoblast giant cells. Two sequences, Epcs24 and Epcs68, exhibited an 
extensive open reading frame that shared the common features of the cysteine proteinase cathepsin L. Expression was 
confined to an undefined subpopnlation of trophoblast giant cells. Both genes were mapped to chromosome 13 in close 
proximity to cathepsins L and J. The known functions of MPS1 and cathepsin L proteins indicate that the related proteins 
EPCSS0, EPCS24, and EPCS68 participate in conferring invasive properties to the mouse trophoblast. © 2000 Academic Press 
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INTRODUCTION 
Implantation and placentation are key processes in mam- 
malian embryonic development. They physically connect 
the embryo to its mother and are critical for sufficient 
nutrient and gas exchange. The extraembryonic cell lineage 
is the first to differentiate in the developing conceptus, 
reflecting the importance of this cell type for the establish~ 
ment of fetal-maternal connections. During routine devel° 
opment, the outer layer of the blastocyst, the mural tro- 
phectoderm, begins to differentiate into primary 
trophoblast giant cells on day 5 of gestation (e5). These cells 
invade the uterine epithelium and penetrate deeply into the 
stroma. At the same time, the polar trophectoderm cells 
continue to proliferate and form the ectoplacental cone 
(EPC). On e7, the outer cells of the EPC begin to differen- 
tiate into secondary trophoblast giant cells. The invasion of 
the uterine stroma by these cells is critical for successful 
placentation ICross et aI., 1994). 
Trophoblast invasion triggers secretion of proteinases 
158 
that degrade xtracellular matrix molecules. Mouse tropho- 
blasts have been shown to synthesize and secrete serine 
proteinases (e.g., plasminogen activator), matrix metallo- 
proteinases (MMPs), and cysteine proteinases (cathepsin B
and L). Invasion of the trophoblasts i a highly controlled 
process. The decidua restricts invasion by secreting protein- 
ase inhibitors in a specific spatial and temporal pattern. 
They include plasminogen inhibitor, tissue inhibitors of 
metalloproteinases (TIMPs), and cystatin C. Proteinases 
and proteJnase inhibitors have antagonistic functions in 
implantation and placentation which may be mirrored by 
the reciprocity of their expression patterns. The most 
striking examples are Mmp9, which is expressed in all 
terminally differentiated trophoblast giant cells, and 
TIMP3, present in directly adjacent cells of the differenti- 
ating maternal decidua (Alexander et aI., 1996). Similarly, 
both cathepsins B and L are localized to mature, invasive 
trophoblast giant ceils, whereas cystatin C is a major 
product of the decidualizing stroma (Afonso et aI., 1997). 
The critical role of proteinases and their inhibitors for 
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trophoblast invasion was also shown in vivo by administra- 
t ion of inhibitors of MMPs or cysteine proteil~ases and 
overexpression of TIMP1, which results in abnormal em- 
bryonic development and uterine decidualization (Alex- 
ander et al., 1996; Afonso et al., 1997; Rinkenberger et al., 
1997). 
During tumor invasion and metastasis, the d gradation of
basement membranes is often accomplished by the same 
proteinases impl icated in implantat ion and normal tropho- 
blast invasion (Strickland and Richards, 1992; MacDougaU 
and Matrisian, 1995; Wilson et M., 1997; Edwards and 
Murphy, 19981. This is, for example, evident from increased 
levels of cathepsins that have been associated with tumor 
progression and aggressiveness in many types of cancer 
(Garcia et al., 1990; Ren and Sloane, 1996; Kos and Lab, 
1998; Herszenyi et al., 1999}. Uncontrol led trophoblast 
invasion, l ike in choriocarcinomas, results in one of the 
most metastat ic tumors known (Strickland and Richards, 
1992). Therefore, it is l ikely that he same enzymatic and 
cellular machinery is iuvolved in both processes. We here 
describe a cDNA subtraction approach between invasive 
and noninvasive stages of placental development which 
was aimed to elucidate further factors involved in tropho- 
blast invasion. Several novel cDNAs that represent excel- 
lent candidates for having critical roles in trophoblast 
invasion were identified. 
MATERIALS AND METHODS 
cDNA Subtraction Library and Screening 
For cDNA subtraction, the upper parts of e8 conceptuses lcount~ 
ing day of vaginal plug as day 1 ), including the ectoplacental cone, 
invasive trophoblast giant cells, extraembryonic e toderm, and 
chorion {abbreviated comprehensively as EPC} were collected from 
pregnant C57BL/6 inbred mice. The same mouse strain was used to 
isolate el8 placentas. These placentas were lifted from the uterus 
with blunt forceps and thus contained the maternally derived 
decidua in addition to labyrinthine trophoblast, spongiotropho- 
blast, and trophoblast giant cells. However, the yolk sac was 
removed. For RNA extraction, EPCs from 10 mice were pooled. 
Total RNA was extracted using Trizol Reagent (Gibco). cDNA 
synthesis and subtraction were performed with 500 ng of total 
RNA using a cDNA subtraction kit (Clontech). cDNA from e8 
EPCs was used as tester and el8 placenta cDNA as driver, cDNA 
pools were digested with restriction endonuclease RsaI according 
to the manufacturer's protocol to enhance subtraction efficiency. 
After two rounds of PCR amplification, subtraction products were 
cloned into the pGEM T-Easy vector {Promegal. After transforma- 
tion, inserts of 384 randomly picked clones were PCR-amplified 
with M13-specific primers. PCR products were spotted twice onto 
Hybond N+ nylon membrane (Alnersham) to generate identical 
filter replicas, Complex hybridization was performed with a2p_ 
labeled, adaptor-free cDNA populations before and after subtrac~ 
tion. Plasmid DNA of 93 differentially hybridizing clones was 
sequenced from both ends on a LiCOR sequencer. All subtraction 
clones were called "Epcs" (ectoplacental cone*specific) in combi- 
nation with the further specifying ID. 
5' and 3' Cloning of cDNA Ends (RACE) 
For the isolation of additional cDNA sequence of tile Epcs26 and 
El)csSO transcripts, specific primers situated within the known 
sequence were synthesized: Epcs26-5', GGCATCTATTTGGCT- 
GACAG; Epcs2&5' nested, ACATCTGGGCACTATATGGG; 
Epcs26-3', CGACAGATTGGTTCATGGTC; F4)cs26-3' nested, 
TACCGAATGTGGCATCCGCA; Epcs5&5', TTGTCAGTGAA- 
GACTCCTCC; EpcsS&5' nested, GTCTGAGATAGCAGATG- 
G.AC; EpcsSO-3', AATAAGGGAAACCGTGCTGC; and Epcs504' 
nested, GAGTCTTCACTGACAAGAGC. RACE PCRs were per° 
formed with the e8 EPC-derived cDNA under identical conditions: 
94°C for 3 ruin, followed by 40 cycles of 94°C for 5 s, $8°C for 10 s, 
and 68°C for 5 rain. For nested PCRs, 1/50 of the primary PCR 
products was used as template. 
Sequence Ana lys i s  
Sequence similarity searches were performed in the NCBI nor> 
redundant sequence database (nr) and EST database by the Btastn 
program and protein sequence database (SwissProt} by the Blastx 
program. Sequences that did not show significant similarity to any 
of these entries (score <200) were designated as being unknown. 
For EST assembly, only mouse ESTs with a score >200 were 
chosm~. Assemb}y of database ESTs was performed using the Tigem 
Net  sequence ut i l i t i es  {ht tp : / /www. t fgem. i t / LOCAL/  
sequtils.html). Sequences of overlapping and identical subtraction 
clo~es were aligned to deduce the consensus sequence. All clones 
analyzed by RNA in situ hybridization were investigated for con- 
served sequence blocks using the BEAUTY search program [http:// 
www.hgsc.bcm.tmc.edu/SearchLauncher/), Extended open tea& 
ing frames were checked by block search thttp: j /www, 
hgsc.bcm.tmc,edu/SearchLauncher/) and aligned using the 
ClustalW progrmn at NIH. 
RATA in Situ Hybridization (ISH) 
Differential and cell type~specific expression was investigated by
RNA ISH. Pregnant C57BL/6 females were sacrificed at e8 and el6. 
At el6, embryos and their associated placentas were collected, At 
e8, whole uterine regions containing three to four conceptuses 
wme dissected. Tissues were fixed in Serra's fixative at 0°C 
overnight and further processed for routine paraffin histology. 
Plasmids of subtraction clones were linearized and used for in 
vitro transcription i both directions. For hybridization with e 
Pll probe, a plasmid containing an g00-bp eDNA fragment was 
used (Colosi et al., 1987}~ Labeling of riboprobes was performed 
using [dsStUTP. ISH was performed as described elsewhere (Adam 
et al., 1996; Hemberger et al., 1998]. Slides were dipped into K.5 
photoemutsion (Ilford) and exposed for 18 days. Counterstaining 
was performed using hemalaun. 
Northern Analysis 
Multiple mouse tissue Northern blots of adult issues lClontech) 
were hybridized according to the manufacturer's instructions. For 
placenta Northern blots, 25/~g total RNA was electrophoresed on 
a 1.5% formaldehyde agarose gel and blotted onto Hybond N+ 
nylon membrane tAmersham) as described previously tSambrook 
et al., 1989), Ten microliters of the SMART eDNA synthesis 
reaction used for subtraction were electrophoresed on a 1% agarose 
get and blotted onto Hybond N+ membrane using 0.4 M NaOH to 
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generate virtual Northern blots. Hybridization with 32P-labeled 
insert preparations of the subtraction clones was performed using 
Ctontech's ExpressHyb solution a  68°C for 1 h. Autoradiography 
of filters was performed on Fuji Medical X-ray films. 
Genetic Mapping 
For three cDNAs, restriction fragment length variants (RFLVs) 
between Mus rnusculus strain C57BL/6 (B6) and the M. spretus 
strain LS were found: Epcs50 PCR products were differentiated 
with SpeI, Epcs24 with Csp6I, and Epcs68 with NdeI. For Epcs26 no 
RFLV was detected after sequencing of B6 and LS PCR products. 
However, a single base substitution thatcould be visualized by 
SSCP analysis was identified. Primer sequences were Epcs5OF, 
AATAAGGGAAACCGTGCTGC; Epcs5OR, GTCTGAGATAG- 
CAGATGGAC; Epcs24F, CGACAGATTGGTTCATGGTC; 
Epcs24R, GTCGAGGTATCCTTTCTGC; Epcs68F, TTATCAAC- 
CATTCTGTTCTGGTAG; Epcs68R, GCTTAAGTTACAGTATC- 
CATCATGTC; Epcs26F, CGACAGATTGGTTCATGGTC; 
Epcs26R, GGCATCTATTTGGCTGACAG. Genetic mapping was 
carried out on the EUCIB-BSS (B6 × LS} × LS backcross panel 
(Breen et al., 1994; Rhodes et aL, 1998). DNA from strain M. 
spretus LS and from EUCIB backcross mice was obtained from the 
HGMP in Hinxton, UK. Evaluation of genotyping data and map 
construction were done using the MAPMAKER 3,0 software 
(Lander et aL, 1987). 
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FIG, 1, Subtraction control experiments. In (A), total e8 EPC- 
specific DNA populations before and after subtraction against e 18 
placenta re shown. The use of marker DNA as tester mixed with 
and subtracted against control (con) eDNA proved efficient re- 
moval of nondifferential DNA. (B} Transcript levels of the house- 
keeping gene Gapd were substantially reduced in cDNA after 
subtraction (lanes 2 and 4). Marker sizes are given in kilobases. 
RESULTS 
Screening for Differential ly Expressed Genes 
in Trophoblast 
To identify genes involved in trophoblast invasion, 
cDNA subtraction was performed between e8 EPCs and 
mature el8 placenta. High efficiency of subtractive hybrid- 
ization was confirmed in a control subtraction experiment 
and by proving substantial reduction of Gapd transcript 
levels (Figs. 1A and 1B). A total of 384 clones were screened 
and 93 of them exhibited ifferential hybridization signals. 
Sequence analysis revealed that they represented 42 differ- 
ent cDNA fragments (Table 1). Twenty of them matched 
previously described genes in the nr database, and 1 was 
contained within a genomic BAC sequence. Strikingly, 
placental lactogen-1 (Pll), a gene predominantly expressed 
in trophoblast giant cells during midgestation, was repre- 
sented by 24/93 clones. Additional cDNAs isolated in the 
subtraction that are known to possess characteristic func- 
tions in extraembryonic t ssue at this developmental stage 
were adrenomedullin (Yotsumoto et al., 1998) and the ETn 
transposon (Brfilet et al., 1985). The other 21 sequences did 
not match any entries in the nr database, and 16 of thern 
were recognized by sequences in the EST database. Differ- 
ential expression of three sequences represented onlyonce, 
Epcs32 (Nasp), Epcs3 (AA467609), and Epcs21 (AA273200), 
was confirmed by RNA ISH. Thereby, high levels of Nasp 
mRNA were detected in e8 embryo and lower levels in EPC, 
extraembryonic ectoderm, chorion, and amnion (Figs. 
2Aand 2B). Several of the as yet uncharacterized sequences 
were represented by 3 or more individual clones and were 
preferentially analyzed. 
Epcs26 
The clone Epcs26 was identified three times within the 
subtraction library. The deduced consensus equence of 
1110 bp contained a poly(dA) stretch at its 3' end and 
exhibited homologies in a 306-bp region between bp 333 
and 639 with the human X-chromosomal clone AC004383 
(78% identity) in the nr database. The whole sequence of 
Epcs26, however, was recognized by 10 partially overlap- 
ping mouse ESTs, 8 of which were derived from 7.5-dpc 
ectoplacental cone libraries. One of these ESTs, AA409600, 
could be used for extension of the 5' end by an additional 
117 bp. However, the 5' end of the eDNA identified by 
RACE PCR was exactly identical to that of the other 3 EST 
sequences that spanned the 5' region of the Epcs26 se- 
quence. This may indicate that the additional 117 bp are 
derived from a larger transcript (see below). The Epcs26 
sequence did not exhibit any homology to known genes or 
proteins. Hybridization of the isolated eDNA fragment 
revealed specific expression in the parietal yolk sac 
endoderm of e8 conceptuses (Figs. 2C-2E). Hybridization 
signals were also observed in undifferentiated cells of the 
ectoplacental cone and a few trophoblast giant cells. The 
decidualizing stroma was completely devoid of transcripts. 
Differential expression could be proven, as only very -weak 
hybridization signals were detectable in the labyrinthine 
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TABLE 1 
Clone ID 
(Epcs} Representation Homology 
8 24 Placental lactogen4 
20 4 ETn transposon 
50 4 Similar to L20315 mouse 
Mps 1 
15 2 Mitochondrial tRNA 
genes (V00665) 
34 2 Nucleolar protein N038 
4 l Lactate dehydrogenase 
6 1 Ezrin 
13 1 Zinc finger protein ZPR1 
16 1 Geminin 
22 I Chr.16 BAC clone 72k21 
32 1 NASP protein 
35 1 Mitochondrial elongation 
factor G 
41 1 Ferritin heavy subunit 
42 1 Adrenomedullin 
precursor 
98 1 Similar to X85373 hmnan 
Sm protein G 
99 t Similar to M93651 
human set gent 
100 1 Cll protein 
101 1 Ribosomal protein L35a 
106 1 Cyclin B 1 
107 1 U17HG gent 
111 1 Poly(A} binding protein 
24 6 AA408231 
70 4 AA408092 
71 3 AA408231 
105 2 C88959 
26 3 AA408682 
1 1 AA199386 
3 1 AA467609 
12 1 AA734753 
21 1 AA273200 
25 1 AU040266 
27 1 AA645998 
56 1 AI155606 
57 1 AU041054 
t 08 1 AA637487 
109 1 AA592390 
114 1 AI428874 
5 7 - -  
68 2 - -  
17 1 --- 
19 1 - -  
54 1 - -  
Note. Sequences of Epcs24 and Epcs71, Epcs68 and Epcs70, as 
well as Epcs50 and Epcs5 could be combined and were called 
Epcs24, Epcs68, and Epcs50, respectively, thereafter. 
trophoblast of e16 and e18 placentas. Northern analysis 
with total placenta RNA at el0 and el8 also confirmed 
down-regulation of Epcs26 expression at later stages of 
development (Fig. 2F). 
In el0 placenta, two bands were identified by Northern 
analysis, a more prominent band at approximately 1.3 kb 
and a minor band at 2.6 kb (Fig, 2F}. This indicates that the 
extended sequence of Epcs26 may represent the full-length 
cDNA of the smaller transcript. At el8, only the 1.3&b 
band was present though at much reduced levels. In the 
adult mouse, the 1.3-kb Epcs26 transcript was detected only 
in testis (Fig. 2G) 
Epcs26 was mapped to the mouse X chromosome with. a 
LOD score of 10.8 to marker DXMitS. Using multipoint 
linkage analysis, Epcs26 was placed between markers 
DXMit50 and DXMitl05 on the proxim.al X chromosome 
(Fig. 2H), which corresponds to he interval between 12.7 
and 14.5 cM on the consensus map for this chromosome 
(Boyd et el., 1999). 
EpcsSO 
EpcsbO was identified by 11 individual clones. By 5' and 
3' RACE, an additional 622 bp were isolated. The resulting 
assembled cDNA sequence of 3015 bp contained an ATG 
start codon, an extensive open reading frame, a polyadenyl- 
ation signal, and a poly(A) tail. Presence of both ATG start 
codon and the poly(A) tail indicates that the fulLlength 
sequence has been isolated. Five regions of the consensus 
sequence exhibited significant hom.ology to the murine 
Mpsl gent (Acc, No. L20315). These regions spanned bp 
274-492 (89% identity), bp 538-843 (87% identity), bp 
990-t269 (83% identity), bp t392---1762 (83% identity), and 
bp 1835-1918 (92% identity) (Fig. 3A). Both Mpsl and 
Epcs50 showed weak similarity to the same region of the 
murine perforin 1 precursor protein (P1; Acc. No. P10820). 
For Epcs50, this region of homology spanned bp 513M 121, 
matching to aa 130-352 of the P1 protein. This stretch of 
the P1 molecule exhibits similarity to various complem.ent 
component precursor proteins and contains the membrane 
attack region complex, h~ situ hybridization revealed high 
expression levels in a subset of trophoblast giant cells in the 
EPC and the parietal yolk sac (Figs, 3B and 3D). However, 
transcripts were conspicuously absent from other tropho- 
blast giant cells tFig. 3C). Expression was also detected in 
the parietal endodermal cells (Fig. 3D). No other cell type 
within the e8 conceptus exhibited hybridization signals. 
Moreover, Epcs50 was not expressed in any tissue of em- 
bryonic or extraembryonic origin at later stages of develop- 
ment (e16). 
Northern analysis with el0 and e18 total placenta RNA 
showed a prominent ranscript with a size of approximately 
3 kb at el0. In addition, a much weaker signal of approxi- 
mately 1.4 kb was detected on both el0 and el8 (Fig. 3E). In 
adult mouse, EpcsbO was strongly expressed in liver. Lower 
expression was observed in heart and several other tissues. 
However, transcript sizes differed from that observed in el0 
placenta as the Epcs50 band closely comigrated with the  
4.4d<b size standard in adult tissues (Fig. 3F). 
Two-point linkage analysis indicated linkage of Epcs50 to 
mouse chromosome 19 with a LOD score of 13.37 to 
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FIG. 2. ISH with subtraction clones Epcs32 (Nasp) and Epcs26 on e8 conceptuses. (A and B) Bright-field {A) and dark-field (B) il lumination 
after mRNA ISH with Epcs32 indicating high levels of Nasp expression i  the embryo (e) and lower levels in the ectoptacental cone (epc), 
chorion (oh), and amnion (a) Hybridization signals are absent from decidual tissue (de). Note that light reflections of fetal blood (bl) are not 
caused by silver grains (bar, 200 bcm), (C and D) The abembryonic pole of the conceptus i shown, including the mesometrial zone of the 
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marker Fth. Multipoint linkage analysis localized EpcsSO to 
the proximal part of this chromosonre between D19Mit22 
and D 19Mit28. No recombination with markers D19Mit79, 
D 19Mit31, and D 19Pas6 was detected (Fig. 3 G). The follow- 
ing marker order and recombination distances were evalu- 
ated: centromere-DI9Mit22-3.5 + 2.0 cM-Epcs50-2.3 + 
1.6 cM-D19Mit28-telomere. 
Epcs24 and Epcs68 
Epcs24 and Epcs68 were represented hy nine and six 
clones, respectively, which could be assembled after data- 
base search revealed an overlapping EST for each eDNA, 
AA408092 for Epcs68 and AA408231 for Epcs24. Sequence 
assembly resulted in 996~ and 1395~bp cDNAs for Epcs24 
and Epcs68, respectively. An RsaI site was detected in the 
overlapping region of both ESTs that presumably led to 
eDNA fragmentation. Both contigs shared 72% overall 
similarity and exhibited extensive ORFs. In addition, the 
Epcs68 sequence contained a translation start, a TAA stop 
codon, two putative polyadenylation signals, and a 3' 
poly(A) stretch. Searches against the SwissProt database 
revealed homology of both sequences to cathepsin L precur- 
sor proteins. Epcs2d showed highest similarity (68 %) to rat 
cathepsin L precursor/major excreted protein (Ace. No. 
P07154), Epcs68 was recognized by human cathepsin L 
precursor (Ace. No. P07711) with 71% similarity. Both 
Epcs24 and Epcs68 shared the characteristic features of 
cysteine proteinases in that active site residues and com- 
mon blocks of eukaryotic thiol proteases were highly con- 
served (Fig. 4A). The 333-aa open reading frame of Epcs68 
fitted exactly within the size range of cathepsin L precursor 
proteins. Northern analysis was carried out using 
subtraction-derived clones of 890 (Epcs24) and 666 bp 
(Epcs68). Analysis of el0 and el8 total placenta RNA 
revealed silmlar transcript sizes of 1.45 kb for Epcs24 and 
Epcs68. Thus, Epcs68 most likely represented the full- 
length eDNA, and only minor parts of the 3' end were 
missing in the Epcs24 sequence. 
Differential expression of Epcs24 and Epcs68 was shown 
by RNA ISH. Very strong expression was observed in 
trophoblast giant cells of the parietal yolk sac and EPC 
(Figs. 5A, 5B, 5F, and 5H}. Fo~ Epcs24 and Epcs68, expres- 
sion patterns were comparable in that only a subset of 
trophoblast giant cells abundantly expressed these mRNAs. 
In contrast, some giant cells showed only low transcript 
levels or no expression at all. Control hybridization with 
the giant cell marker Pll on adjacent sections marked giant 
cells not expressing Epcs24 or Epcs68 (Figs. 5C and 5G). In 
mature placentas at el6, widespread expression was con- 
fined to trophoblast cells within the labyrinthine region 
(Figs. 5D and 5E), whereas hybridization signals were absent 
from spongiotrophoblast, trophoblast giant cells, and de- 
cidua. The widespread expression of Epcs24 and Epcs68 
excludes the possibility that these genes are expressed in 
the few trophoblast giant cells that colonize the labyrinth at 
e16 (Hall and Talamantes, 1984). Compared to e8, expres- 
sion levels were significantly lower at this stage of devel- 
opment. An absence of transcripts was observed for all 
enrbryonic tissues at e8 and el6. In contrast, Epcs68 tran- 
scripts were detected in adult tissues by Northern analysis 
(Fig. 4C). A prominent band of 1.45 kb was present in liver; 
minor amounts of transcripts were observed in testis, 
kidney, and heart; and only very faint bands could be 
detected in brain and lung. With Epcs24, several weak 
bands were detected in liver and testis. Only in heart was a 
more prominent band observed at 1.35 kb (Fig. 4B). 
Both Epcs2d and Epcs68 were mapped to mouse chromo~ 
some 13 at high LOD scores (12.6 and 10.9) to marker 
D13MitlO. Linkage distances to flanking map anchors were 
calculated (Fig. 4D) and used to integrate the chromosomal 
positions of Epcs24 and Epcs68 with the consensus map of 
chromosome 13 (Stephenson and Lueders, 1999). As shown 
in Fig. 4E, Epcs24 and Epcs68 closely coloealize with two 
more genes encoding cysteine proteinases described and 
mapped previously (Deussing et al., 1997; Tisljar et al., 
1.999). 
DISCUSSION 
In the present study, we describe the construction of a 
eDNA subtraction library that was aimed to reveal tran- 
scripts up-regulated in invasive trophoblast. Several genes 
and sequences of unknown function that exhibited striking 
expression differences in extraembryonic tissues between 
early and late stages of development were isolated. Twenty- 
six percent of the clones analyzed represented Pll, a gene 
known to be highly expressed in trophoblast giant cells 
around midgestation (Colosi et al., 1987), thus serving as an 
excellent proof for the efficiency of our subtractive hybrid- 
ization. Several sequences isolated from the subtraction 
library were represented by more than one clone. As repre- 
sentation frequencies are correlated with the degree of 
decidua (de), chorion (ch), parietal endoderm (pe), and trophoblast giant cells (gi). Dark-field illumination in D reveals predominant 
expression of Epcs26 in parietal endoderm cells (bar, 50/,m). (E) Higher magnification Ofthe parietal yolk sac shown in C and D showing 
higher density ofsilver grains in the parietal endodexm (pc 1 {bar, 20 ~m). (F) Northern analysis of Epcs26 on total el0 (lane 1) and el8 (lane 
2) placenta RNA. Two transcripts were detected, the more prominent at approximately 1.3 kb and a weaker band at 2.6 kb. Marker sizes 
are given in kilobases, (G) Northern analysis of various adult tissues demonstrates xpression of Epcs26 only in testis. Marker sizes are 
given in kilobases (sin, skeletal muscle). (H) Chromosomal mapping of Epcs26 to the mouse X chromosome on the EUCIB backcross. The 
number of recombination events found, and calculated genetic distances i  centimorgans i cluding standar d error are indicated. 
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FIG. 3. (A) Schematic representation of regions of homology of Epcs50 to the murine Mpsl gene (Acc. No. L20315). Regions of homology 
between the givell base pairs are shaded. (B and D) Expression of Epcs50 in e8 conceptuses is highly abundant in parietal endoderm cells 
and a subset of trophoblast giant cells. The arrows point to giant cells exhibiting strikingly different expression levels. The core of the 
ectoplacental cone containing the more undifferentiated cells does not exhibit any hybridization signal (bar~ 200 bin1). (C) Ctose-up view of 
a nonexpressing giant cell marked by the arrowhead (bar, 25 ~m). (E) Northern analysis of Epcs50 on total el0 (lane 1) and e18 (lane 2) 
placenta RNA. A prominent transcript is detected at approximately 3 kb in el0 RNA only, a much weaker signal is present at 1.4 kb. Marker 
sizes are given in kilobases. (F) Northern analysis of various adult tissues indicates predominant expression i liver. Marker sizes are given 
in kilobases ( in, sketetat muscle}. (G} Chromosomal mapping of Epcs50 to mouse chromosome 19 using the EUCIB backcross. Number of 
recombination events and calculated genetic distances in centimorgans i cluding standard error are indicated, amz, antimesometrial zone; 
ee, embryonic ectoderm; epc, ectoplacental cone; gi, trophoblast giant cells; mz, mesometrial zone; pe, parietal endodenn; ue, uterine 
epithelium. 
differential expression, these sequences were most l ikely to 
be predominant ly  expressed in e8 EPC. In fact, none of the 
cDNAs identif ied by mult ip le clones was found to be false 
positive. Unambiguous differential expression was also 
observed for three cDNAs identif ied only once among the 
clones analyzed. The subtraction cloning identif ied genes 
previously not  known to be expressed in extraembryonic 
tissues. This was shown for the nuclear autoantigenic 
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sperm, protein NASP, a histone-binding protein identified in 
primary spermatocytes and round spermatids of human 
testis (Welch and O'Rand, 1990; O'Rand et al., 1992). 
Consequently, the number of differentially expressed 
clones identified in our subtraction approach is comparable 
to that obtained in studies using similar experimental 
strategies (Jin et aL, 1997; Heller et al., 1998; Kuang et aL, 
1998; Shimono et aI., 1999). 
The Epcs26 eDNA was shown to be predominantly 
expressed in the endoderm layer of the parietal yolk sac at 
early developmental stages. The parietal endoderm cells are 
characterized by the synthesis of large amounts of base- 
ment membrane components that constitute Reichert's 
membrane (Hogan et al., 1994). Temporal and spatial dis- 
tribution of Epcs26 transcripts might indicate the involve- 
lnent of this gene in the establishment, differentiation, and 
function mainly of parietal endoderm cells. Interestingly, 
similar sites of expression in extraembryonic t ssues have 
been described for the throlnbin receptor thrombomodulin 
(Weiler-Guettler et al., 1996), whose targeted mutation 
causes an early lethal phenotype (Healy et al., 1995). Due to 
lack of any homology to known genes and proteins, there is 
at present no evidence for the functional role ofEPCS26 in 
early mouse development° 
Epcs50 exhibited intervals of sequence homology to the 
murine Mpsl gene. The Mpsl  gene, initially termed Mpg-1, 
was isolated in an approach to isolate genes preferentially 
expressed in mature macrophages (Spilsbury et al., 1995). 
Mpsl and EpcsSO exhibited weak homology to perforins, 
which might indicate a distant relationship to these pro- 
teins. Perforin is a pore-forming protein crucial for the lytic 
action of cytotoxic T cells and natural killer cells (Kfigi et 
aL, 1996). Interestingly, amino acid homology was confined 
to the region critical for the lytic activity of perforin. 
During pregnancy, perforin is abundantly expressed in 
granular metrial gland cells of the decidualizing uterine 
stroma (Parr et al., 1990; Zheng et aI., 1991) and a role in 
maternal defensive response against trophoblast invasion 
has been ascribed to this protein (Parr et aL, 1990). The 
Mpsi-related sequence Epcs50 was shown to be transcribed 
in trophoblast giant cells and parietal endoderm cells. It is 
tempting to speculate that Epcs50 has the same lytic 
capacity as perforin and contributes to destruction of ma- 
ternal tissues during invasion of giant cells into the uterine 
stroma. 
Cathepsin L, which is related to Epcs2d and Epcs68, is a 
major lysosomal cysteine proteinase produced by mouse 
placenta and fibroblasts (Nilsen-Hamilton et al., 199l). 
Cathepsin L is generated by rapid autocatalysis of its 
precursor major excreted protein (MEP) at low pH (Gal and 
Gottesman, 1986a; Mason et aI., 1987). MEP was first 
identified as one of the most abundant proteins secreted by 
mouse fibroblasts upon malignant ransformation (Gottes- 
man, 1978). Its synthesis is also induced by growth factors, 
tumor promoters, and cyclic AMP (Dong et al., 1989; 
Prence et al., 1990; Troen eta]., 1991). Extracellular matrix 
proteins have been shown to be among the substrates of 
cathepsin L (Gal and Gottesman, 1986b) which may facili- 
tate invasion of tumor cells. Interaction of cathepsins with 
the mannose 6-phosphate/insulin-like growth factor recep- 
tor 2 (IGF2R) (Dong at a]., 1989; Dong and Sahagian, 1990; 
Prence at al., 1990; Stearns et aI., 1990) leads to its inter- 
nalization (Edwards and Murphy, 1998). As IGF2R acts as a 
sink for IGF2 (Czech, 1989; Filson et al., 1993), cathepsins 
support the mitogenic activity of this important growth 
factor. Cathepsins have been suggested to modulate im- 
mune responses and may be involved in avoiding maternal 
immune rejection of fetal tissues (McCoy et ~d., 1988; Riese 
eta]., 1998). In addition, members of the cathepsin protein- 
ase family have been shown to induce apoptosis (Moallem 
and Hales, 1995; Deiss et al,, 1996). In conclusion, cathep- 
sins have important roles in tissue invasion and cell prolif- 
eration, that is, processes which are also essential for 
trophoblast invasion. Therefore, it is likely that EPCS24 
and EPCS68 contribute to the invasive properties of tontine 
trophoblast giant cells. This notion is supported by the fact 
that both EPCS24 and EPCS68 possess the functional pro- 
teolytic domains of cathepsins. The presence of two other 
cathepsins (cathepsin L and J) in the same region of mouse 
chromosome 13 suggests that these genes have arisen by 
gene duplication from a common ancestral gene (Deussing 
et aL, 1997; Tisljar et al., 1999). It is noteworthy that all of 
these genes are expressed in extraembryonic t ssues. How- 
ever, expression of cathepsin L is not restricted to tropho- 
blast giant cells, indicating that these genes are regulated 
differentially. 
A remarkable phenomenon of all clones that were ana- 
lyzed in the present study was their expression in only a 
subset of trophoblast giant cells at e8. This is in striking 
contrast to genes like PI1 (Colosi et al., 1987), Mmp9 
(Alexander et aL, 1996; Das et aL, 1997), or Handl  (Cross et 
al, 1995) that are expressed in all trophoblast giant cells at 
this stage. To date, only a few genes that exhibit different 
expression levels within, the same cell population in ex- 
traembryonic tissues have been described. This was re- 
ported for thrombomodulin expression in parietal 
endoderm and secondary giant cells (Weiler-Guettler t aL, 
1996), for Mrj in giant cells (Hunter et aI., 1999), and, most 
recently, for Gcml  in trophoblast cells of the chorion and 
the labyrinth at later stages (Basyuk et aI., 1999). Thus, 
specific cell populations formerly regarded as uniform 
might be subdivided into several subpopulations due to 
their cell-specific expression patterns. Presumably, the dif- 
ferential gene expression reflects various differentiation 
stages of single cells within a given cell population. Alter- 
natively, diverse functions of subpopulations may account 
for the heterogeneous expression patterns. 
Our future efforts lie in the identification of additional 
mRNAs that are highly specific to the routine invasive 
trophoblast. In addition, the functions of the corresponding 
proteins will have to be elucidated using in vivo and in vitro 
approaches. 
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FIG. 4. (A) Protein similarities between amino acids encoded by the open reading frames in EPCS24 and EPCS68 and cathepsin L precursor 
proteins of different species. Black shading represents identical amino acids, indicating homology between the sequences. Arrows point to 
highly cot~served active site residues of eukaryotie cysteine proteinases. Boxed amino acids mark the four conserved blocks in cysteine 
proteinases. (B) Norther11 blot analysis of several adult mouse tissues reveals no prominent transcript of Epcs24 except for a faint band at 
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:<':; ~)!:~! 
FIG. 5. (A and B) Expression of Epcs24 in e8 embryos is highly abundant in a subset of trophoblast giant cells in the parietal yolk sac and 
at the outside of the ectoplacental cone. Arrows mark giant cells exhibiting different expression levels. No expression is detected in 
decidual and embryonic tissues (bar, Z00/~m). (C) Expression of Pli on a section consecutive tothat shown in B demarcates all differentiated 
giant cells (bar, 200/~m). (D and E) At el6, Epcs24 transcripts are detected exclusively in labyrinthine trophoblasts, although at a much 
lower level. The arrowhead points to a cluster of spongiotrophoblast cells within the labyrinth, where complete absence of hybridization 
signals is observed in the dark-field i l lumination (bar, 200 i~m). (F and H) ISH with Epcs68 on e8 conceptuses. Arrows point to trophoblast 
giant cells exhibiting differential hybridization signals (bar, 200 i~m). (G) In sitn hybridization with the PII probe on a section serial to F, 
indicating the presence of differentiated trophobtast giant cells (bar, 200/~m). a, amnion; amz, antim.esometrial zone; bl, maternal blood 
cells; ee, embryonic ectoderm; epc, ectoplacental conei gi, trophoblast giant cells; mz, mesometrial zone; pe, parietal endoderm; ue, uterine 
epithelium. 
1.35 kb in heart. (C) Epes68 is predominantly expressed in adult liver with a single transcript of approximately 1.45 kb. Lower expression 
is detectable in testis, kidney, and heart, and only faint bands are present in lung and brain. Marker sizes are given in kilobases (sin, skeletal 
muscle 1. (D 1 Chromosomal mapping of Epcs24 and Epcs68 to mouse chromosome 13 on the EUCIB backcross. Observed recombination 
events to flanking EUCIB anchor markers and calculated genetic d stances including standard errors are indicated. (El Position of Epcs24 
and Epcs68 on the consensus map of chromosome 13. Two additional genes, CtsI and Ctsj, encoding cysteine proteinases colocalize with 
Epcs24 and Epes68 in the same chrom.osomat interval. 
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